R.ew'aw j L‘nm fﬂ”e"‘s

at Ccna(u.cf-an
. Z A scolar /nv‘/em, /oreo( i 1//30

fls.c
#7‘%4.1/4
sk = 2 [ €%, 9 & ALt
& A, %l
=20 n X = f“f-/ {/X.,}
'S Smoolf, 2 j

-éufemﬁue L: D>R O=0up

h‘“qu“?‘/f'} X = ExJ] ZJ‘" Xz]

Xz Xa
Cm. FM{@Y’S /mo: z . ‘kfj “\.j

]

Sammodbion Lomyertion.



X= X( ,‘z ) s infioniogeneons /{e{'e'ymems.

Oi*ﬁwl.se 5 .2. 15 bm e"eaus.

e X 5 /3oﬁrof;c/:‘[ x._-jéfé}.}.)_:zf): 0]
X

scaklar

L LNl =4 Lol =
mn-overlafu‘:j sub divigion 72 4
f‘ LR heat &f/j for Voleme
J : b - 2 /mrccn'leo( ‘ou-aéj 14\7
>R ’ el i

Q1

(S> { Vv I jr. g »Vj. Kfj ‘j n 0
w B on
i i y
B - ﬂ‘ °A/1 ll - 7
T JTEE “Cj
)«/mml ‘M,(:,J cmalilinn: f;;:lieb Low-o‘oj



E@.mar A a. We /rcs’eﬂ‘f He  madh /’ﬂ//em with heat  Gonoluctiom
as The lxbmmol._ 724 Hhe /voA/cm K m“erfcuf.)

and we aJ[ it e ‘\eﬂ/'#o Mj- Vaéc /m/ém.,"
Fr edawfé. .

| A z X ==XV,
heat  Comdlichion - erery cmservechion, tz7 jt:f heat ;Z:: i—m‘«}
Condluchi Sowee  law

LS b sn by

Congervation

e, Ma, Cu:j‘%' f"’"’

K«} 5
g A

Revosk, oL Tﬁwu.e#ay‘f by cnclins, s
h%*ﬁ-ﬂ; -7%.

TS Wy = - =
A - e “uf) -
6 Rown as fle  Lobin  bowndary colidirn

J

}Zﬁllm’éaé= FOY a /fCCiJ‘e. &‘m’!ma;f, Weﬂ“a( '& /nwbé 7“6 .?bce.c

or,

R Aot Bons 6‘17. 8.



A Jrm e
Ly = L 60)) » {w: jo w‘o(«<ooj

R .
He = HAD) = fw . wel, Wi €Ly, ~--,w,9-..1ezzj

/

ko ind
¢ Mwz2. H(f))= [u): WeL W, e

Wax€l, w <
5 = ’ P 13
L; = HO offm”{[j J “J,:U € lzj

P Medwe H0) = fw. wepinn) e 0]

D wwergenceé [‘{MM $
j
L

G



;<S r= ‘[ S #éﬁl([z)’ "“-! =Jj is Hhe nak solition
r' S
{ (70} «)lj j # ﬂy f:e
Czj’ s = w weéH ; =0 is Hhe ek
5 jmcéim S ce-.j :7
Weak o variatiomad fa-rm o/ He BV /m%m
= 7
(Giren ](-!2.-9 R, h: IL>R, J: B*R’,W‘ xg:4A?
Qnuuﬂ-d.’ j,,‘o( A £ ;5 sm:A #4{\74, a// we?f\

weak, R'(W/“) = L w, Py € w., %),
(w) { where Lo gy

Vg

< Kes \"“
£e) J I 1.2‘1
\ Wty j&w f dp )

The  oqui |
e;ff‘m[’”“ Of CS) and (WL

(e{' w 5e o[u‘t‘fm 3
Sol«fc'“j :w)s. 7/6)1 e
ij: U IS a s»L.aﬁrm j(s‘), we /a‘ué

(i)t f = o

0
L“’(Xj“j)w wj"(w P Ywed
G

Frofo sition a .

2



— inﬁﬂr&'ﬂ\‘b -fam’.‘S %
_ R ox Bl o Pz
J‘o. Wi Xy uu olL) "'jmwkj‘fj A o

+ jﬂwfoUZ:O

JAQW)(\{]'“j”i”LF:J/—’ w h & becwse w €

“he /Veumann B.C

3> a(w w) = Cw, £) + Cw. %),
'

Thas, Solves Cw).
&

frorasi'('fo'n L: [e.'é k le o So/wt/?;ﬂ' f C;) ( a.no( U1
Jmff% Fosph For oty secono obrietijes ) Hen
W is a Solution \70 (s) )

Prfre d e ke Slton of  Gu),

.Jﬂw"' Yty 4 [ “e w4,

II 5 — ;'/L) 4 ’1- x‘
’V'
AL Lq' ) y T

- __/" wt - t,‘/' - € assume. o . ./
w ){ R . ) “ 1t XSS
lo. (%54.) 40 +f hedr .

W Ky -p. |
g o J T
m N Trerent ’*)-\'c”
7 Jﬂw[(fj idgt 3o

y : L / ’ T 4 /' — ‘ ) 6
doa & } > < o : Qr ic .= :
2y - xj”) ran 9¢ / 771€  Weak /R ignay e il g1,

Dy ~ farits
/



Next, Cr‘ﬂvs“:'ﬂ] ) =#(X— Xer U 17,
we can establich,

Ramesk. 1. y& establisled  (5) ¢= (w) -

46 Qm7f,
that Hhe weald Slution s pyeo af/mnﬁafé
RemrL‘Q_ The Drc/é'é B.C. 5 Au(t‘ Jinth Hhe ﬁ( ‘70 ,;f

a.ao( 8 C 70 7%.9 j/e 5 Ca//ea( e.ﬂ‘elﬁaz Amaé-r]
condibioms

+the A/Gamarm B¢ s Z«..'/{ ﬁy&‘afj n He variatsomed,

4]") anol. 8.¢ 72 7”03‘ 7&’ 5 calp {Z_A__ﬁi_ﬁ'[' Ao“'aéjﬁ
conditions,



Rf-mm'Lr3: -n‘ﬁ 'fﬁcltm']-ue ased 70ter #e E.-L. e7n v AMW"

as +he Wuém‘ lemma, :70 3 CM
whick fm:afrm a wea‘ ‘74-» fo its aﬂ"?"wéy >
\St*by J‘em o Witk s Jroceduse, ome t7 J¥ e
modhematical peatwres j o weak frm #1?74 He

Ew[er—laqmnye eguations,
7 7 S

/
EenWL 4 a.(-).) and Ce, o) are jﬂ/ﬂebfc bilinear

B.'(“neariﬁ : [fnear:'? n both  slts |

Q.( Cw
it Gw,  w) = Q a(w,.u)%«(w,.g

’ { +C; e
1t Gy ) = Galw “)+ Galw, )

4%(‘- H hes FEM ‘n,é
. CoJe -
j ¢ /= /4 . 2.3

(3



Siate

Material Constitutive
Physical Conservation Variable, Flux, Modulus, Source, Equation,
Problem Principle u o k f o =—ku'
Deformation | Fquilibrium Displacement Stress Young's Body forces | Hooke’s law
of an elastic of forces modulus of
bar (conservation elasticity
of lincar
momentum)
Heat Conservation | Temperature Heat flux Thermal [eat sources | Fourier’s law
conduction of energy conductivity
in a rod
Fluid flow Conservation Velocity Shear stress Viscosity Body forces Stokes’ law
of inear
momentum
Electrostafics { Conscrvation Electric Electric Dialectric Charpe Coulomb’s
of clectric potential flux permittivity law
flux
Flow through | Conscrvation Hydraulic Fiow rate Permeability Fluid source Darcy’s law
porous media j of mass head

FIGURE 2.1 Interpretation of physical variables and squations for various types
of physical probfems.




